Introduction
Fecal incontinence is a physically and psychologically debilitating condition that has a negative impact on quality of life, leads to embarrassment and social isolation, and strains personal and family relationships. A prevalence up to 12% has been previously reported. 1, 2 Men and women of all ages can be affected by fecal incontinence, although studies suggest it is more prevalent with increasing age. 3 In a large community-based study, the prevalence of fecal incontinence was 0.9% in adults between the ages of 40 and 64 years and 2.3% in adults older than 65 years. 4 In clinical practice, more female than male patients are typically evaluated for this condition.
Pathophysiology
An understanding of the mechanisms involved in normal defecation can be helpful in understanding what alterations lead to fecal incontinence. The anal sphincter complex involves two muscles, the internal sphincter and the external sphincter ( Figure 1) . The internal sphincter muscle is a continuation of the circular muscles of the rectal wall, consists of smooth muscles, and is under autonomic nervous system control. The external sphincter muscle is a continuation of the pelvic floor musculature, consists of skeletal muscles, and is under voluntary nervous system control. In addition to the anal sphincter muscles, the acute angle of the anorectal junction provides some degree of continence control ( Figure 2 ). During normal defecation, stool enters the rectum and causes a reflexive relaxation of the internal anal sphincter to allow sampling of the rectal content. Next, stool enters the anal canal and causes a reflexive contraction of the external sphincter in addition to some degree of voluntary contraction of the external sphincter. If the stool is not passed, it can be stored in the rectum until enough stretching of the rectum triggers a sensation of urgency and the person can find a socially appropriate setting to defecate. At the time of defecation, typically in the sitting or squatting position, a series of events happens: the angle at the anorectal junction straightens, the intra-abdominal pressure increases, the external sphincter relaxes, the rectosigmoid contracts to propel the stool, and the stool passes. After passing the stool, the external sphincter closes. 
Causes of fecal incontinence
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Numerous conditions can lead to fecal incontinence (see Sidebar: Causes of fecal incontinence). The etiology can vary among men and women of different ages. Trauma to the anal canal can result from disruption of the anal sphincters during childbirth, direct or indirect sphincter muscle injury during anal surgery, or other anorectal trauma. The most common cause of fecal incontinence is obstetric injury (Figure 3) . 5 Changes in rectal sensation or rectal compliance can result in urgency, diminished capacity of the rectum, and loss of stool control. Conditions causing inflammation of the anorectum such as inflammatory bowel disease (ulcerative colitis and Crohn's disease) can result in urgency and incontinence. Denervation of the pudendal nerves from stretch injury or other neuropathic conditions are associated with fecal incontinence. Rectocele (an outpouching of the rectum into the vagina due to weak pelvic tissue) can lead to postdefecation incontinence ( Figure 4) . Medical conditions such as diabetes, diarrhea, obesity, neurologic diseases, and urinary incontinence may result in or contribute to the symptoms of fecal incontinence. 1, 2, 6 In some patients, the etiology of fecal incontinence can be multifactorial. It is critical to establish the cause of incontinence because it is an important determinant of the treatment approach. Furthermore, it is important to distinguish true incontinence from pseudoincontinence. Pseudoincontinence is related to conditions such as poor anal hygiene, prolapsing internal hemorrhoids, anal fistula, fecal impaction, laxative abuse, infectious diarrheal conditions, perianal dermatologic diseases, or anorectal neoplasms.
Evaluation
Comprehensive evaluation of fecal incontinence includes a detailed history, with description of bowel habits including consistency of stools and frequency of bowel movements, type of incontinence (gas, liquid stool, solid stool, urge, passive, or postdefecation), associated urgency symptoms, awareness of incontinence vs complete lack of sensation, concomitant urinary incontinence symptoms, and diet and medications. Colorectal cancer must be ruled out in those individuals with newly changed bowel habits and particularly with bleeding. The presence of urinary incontinence symptoms is important to elicit because it suggests weakness of the global pelvic floor muscles. Female patients are asked about prior childbirth history (ie, vaginal deliveries, tears, or episiotomies). All patients are asked about prior anal surgery, trauma to anus or sexual instrumentation, prior radiation therapy, and systemic conditions such as diabetes and neurologic disease.
Differentiating the loss of solid vs liquid stool is helpful. In general, it is more difficult for the anorectum to sense and to hold liquid stool, and if accompanied by sensation of urgency, this is commonly associated with a weaker external voluntary muscle. It is important to ask about constipation and straining, as those who have severe constipation or incomplete emptying of stool may be experiencing overflow incontinence. If there is complete loss of stool without the knowledge of passing anything, this could be overflow incontinence with underlying constipation or impaction, or loss of rectal sensation or internal anal sphincter control caused by neurologic factors. Furthermore, it is important to distinguish between true incontinence and diarrhea because some patients may equate diarrhea with incontinence.
The treatment of fecal incontinence mainly depends on the degree of distress a patient is experiencing from his/ her symptoms. Although the patient's subjective symptoms are important to consider when the clinician is formulating a treatment plan, it is helpful to quantify the severity of incontinence in an objective manner. Several grading scales are available for the clinician to assess the degree of symptoms. Most use a numeric rating scale that allows patients to indicate the frequency of episodes (ie, monthly, weekly, daily, more than daily) and the type of incontinence (solid stool, liquid stool, or gas). The most commonly used scale in clinical practice is the Cleveland Clinic Florida Fecal Incontinence (CCF-FI) Scale (Table 1) . 7 The scale takes into account the frequency of the incontinence, the type of incontinence (solid stool, liquid, or gas), the use of a pad, and the impact on daily living. Scoring for the scale ranges from 0 to 20. Patients with a score below 8 have mild incontinence; 9 to 14, moderate incontinence; and 15 to 20, severe incontinence. A score of 9 or higher has been associated with a negative impact on quality of life. The severity of fecal incontinence can also be assessed by its impact on quality of life and emotional well-being of the patient. Two other useful scales are the Fecal Incontinence Severity Index, a weighted scoring of symptom frequency, and the Fecal Incontinence Quality of Life Scale, which accounts for the impact on quality of life from fecal incontinence symptoms. 8, 9 The Fecal Incontinence Quality of Life Scale uses 29 questions divided into the 4 scales of lifestyle, coping/behavior, depression/self-perception, and embarrassment. Any type of validated measure can be helpful to provide the physician a better sense of symptom severity and to track improvement after medical and surgical treatment. A patient diary of bowel habits and episodes of incontinence can also be helpful in assessing the severity of symptoms and is a more reliable assessment than patient verbal self-reporting. 10 The physical examination should focus on the perineum and perianal region, evaluating for normal musculature, bulk of the perineal body, skin condition, and presence of any prolapsing tissue from the anus. Anal problems such as large prolapsing hemorrhoids or rectal prolapse can contribute to fecal incontinence due to stenting open of the anal canal. Some patients may have the appearance of generalized atrophy of the pelvic floor muscles, which may be visualized externally as wasting of the gluteus muscles. Digital rectal examination should be done to evaluate resting tone of the anal muscles, which correlates with internal sphincter muscle tone, and then strength of the squeeze, which correlates with external sphincter muscle strength. The use of accessory buttock muscles can be noted in patients with fecal incontinence when they are asked to squeeze the anal sphincter muscles. Finally, a basic perianal skin sensory assessment is conducted by touching the patient with dull and sharp objects (such as a soft cotton swab and edge of a paper clip) to evaluate whether the patient can distinguish between these sensations. 
REVIEW ARTICLE Current Management of Fecal Incontinence
A thorough history and physical examination provide the necessary information to formulate conservative management, but physiologic pelvic floor testing can be very helpful in patients in whom medical management failed and in those being considered for surgical intervention. Pelvic floor testing typically is conducted by specialists in colorectal surgery, urogynecology, gastroenterology, and/or neurology depending on the resources and expertise available in a particular institution. Anal manometry is performed to objectively measure the resting and squeeze pressure of the anal muscles and to assess rectal compliance ( Figure 5) . A soft catheter with a balloon attached to its tip is introduced through the anus and advanced into the rectum. The anal muscle resting and squeeze pressures are assessed at various levels in the anal canal. Rectal sensation and compliance is measured by filling the balloon with fluids and determining the volume needed to illicit the initial sensation of rectal pressure and the maximum volume tolerated by the patient. In patients with suspected pelvic floor dysfunction, such as incomplete stool evacuation, a balloon expulsion test can be performed at the end of the procedure. Testing of the pudendal nerve, which innervates the anal musculature, can be performed by checking for terminal motor latency of the pudendal nerve and by checking anal electromyography to assess muscle denervation and atrophy ( Figure 6 ). Anal endosonography is useful to assess for sphincter defects, especially in patients with prior vaginal childbirths and those with a history of an anal operation or trauma ( Figure 7 ).
Treatment
Various treatments are available to treat fecal incontinence and generally are divided into conservative management and surgical interventions. Conservative management includes dietary modifications, medical management, and physical therapy. The following is a brief overview of some of the treatment options.
Conservative Management
Medical and Dietary Management
The continence mechanism is influenced by pelvic floor and anal musculature as well as the bowel function and habits. The frequency and consistency of stool can greatly affect the severity of symptoms in patients with fecal incontinence. Therefore, one of the most important aspects of fecal incontinence treatment is patient education on bowel function and diet. Dietary modifications play a major role, and many patients can find relief of their symptoms by implementing dietary modifications. Patients are instructed to maintain a diary of food intake and bowel habits for two to three months. The goal is to identify any association between food products and symptoms. Often patients can identify certain foods that trigger incontinence and others that seem to improve the symptoms. Although no two patients are alike, certain foods are associated with worsening of incontinence. Caffeine can trigger fecal incontinence in some patients by relaxing the anal sphincter muscles. Dairy products, especially in lactose-intolerant patients, can worsen the symptoms of patients. Certain vegetables and fruits (eg, figs, cabbage, beans, and chili) can loosen the stools, increase gas production, and increase the frequency and severity of incontinence. Greasy and oily foods, artificial sweeteners, sorbitol and fructose, magnesium-based supplements, and some sugarless gum can trigger incontinence in some patients. Eliminating some of these substances can improve stool quality and control. High fiber, particularly soluble fiber in dietary or supplemental form, can be helpful by bulking and firming stools. 11, 12 Psyllium-based fiber supplementation can be helpful, and available products on the market include Konsyl and Metamucil. For patients with flatulence issues, psyllium may lead to more gas production and bloating. Alternative nonpsyllium-based products include methylcellulose (Citrucel) and calcium polycarbophil (Fibercon). It is important to note that whereas fiber supplementation can improve the symptoms of some patients, in some it may provide no relief or even exacerbate the incontinence. Therefore, a fiber trial of one to two weeks can be done to assess the response of an individual patient.
A review of a patient's medications is necessary in the evaluation of patients with fecal incontinence. Several medications can worsen the frequency and severity of the symptoms. Nitrates and calcium channel blockers can decrease sphincter tone, whereas metformin and some antacids can lead to loose stools. 13 Excess vitamin and mineral supplementation can loosen stools. Long-term laxative use can lead to incontinence in some patients. A careful review of the medications and supplements list should be conducted during the initial evaluation, and an adjustment of the medications should be considered when appropriate and indicated. 
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Medical therapy includes antidiarrheal agents, such as loperamide (Imodium), which can slow down transit time and decrease frequency of loose stools.
14 It is best taken before meals. Patients are advised to start with 2 mg once a day before breakfast (if incontinent episodes are in the morning) or lunch or dinner (if incontinent episodes later in the day). Other medications that can be of benefit include amitriptyline, which decreases rectal contractions, and low-dose clonidine, which may reduce rectal sensation and urgency by its α-adrenergic effect. 15 Postcholecystectomy diarrhea can be successfully treated with cholestyramine, a bile acid sequestrant.
Other helpful measures for symptom control include bowel training, in which one sits on the toilet to pass stool at the same time each day, perhaps consistently after a meal to coordinate with timing of the gastrocolic reflex. This essentially is to regulate the colon into a pattern of defecation. It must be emphasized to the patient that managing the consistency of stool is an important factor, as most patients recognize that fecal incontinence is more frequent when the stools are looser. On the other hand, those who have constipation or incomplete evacuation may benefit from the use of gentle laxatives such as polyethylene glycol (MiraLAX), suppositories, or enemas. Patients with severe evacuation and postdefecation stool incontinence can use daily rectal irrigation to help with colon evacuation (Figure 8 ).
Biofeedback
Biofeedback involves pelvic floor and anal sphincter exercises performed under the guidance of an experienced practitioner, usually a physical therapist or a nurse trained in the biofeedback technique. The patient initially receives instructions about the exercises and then performs the exercises with a biofeedback probe inserted in the anal canal. Visual feedback is provided on a screen as the patient performs the exercises. A small biofeedback unit can also be provided to the patient to perform the exercises at home. The exercises are structured to increase strength and endurance of the anal musculature and improve rectal sensation. Some centers will add electrical stimulation to the anal sphincter, although this is of unclear benefit. 16 Biofeedback is inexpensive, low risk, and easily tolerated by most patients, and success rates can be as high as 100%.
17,18
Surgical Options
Surgical intervention is reserved for patients who have anatomical defects, pathologic conditions that can be corrected surgically, and those in whom conservative management has failed. Patients with pseudoincontinence related to large prolapsing internal hemorrhoids ( Figure  9 ), draining anal fistula, or anorectal tumor can benefit from the appropriate surgical intervention indicated for their condition. Patients with full-thickness rectal prolapse and incontinence can be successfully treated with prolapse repair, although resolution of fecal incontinence is not universal because of other contributory factors (Figure 10 ).
Sphincter repair (termed overlapping sphincteroplasty) can be beneficial in patients with anal sphincter defect secondary to traumatic childbirth or prior anal surgery, by restoring the anatomical integrity of the sphincter complex and 
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Current Management of Fecal Incontinence thereby providing symptomatic improvement ( Figure 11 ). Sphincter repair typically is performed with the patient under a general anesthetic and requires a short hospitalization with several weeks of recovery. Risks of the procedure include infection, bleeding, pain, dyspareunia, and fistula to the vagina. Although the majority of patients find improvement shortly after recovery from the surgery, long-term worsening of symptoms can occur after sphincter repair, as evidenced by a systematic review of 16 studies with 900 patients. 19 Short-term loss of efficacy has been previously described in a study of 86 patients. 20 Forty-two (49%) of the patients had complete fecal continence after repair, but during a mean followup of 40 months, only 21 (28%) of the patients had perfect continence. 20 Longterm loss of efficacy was also reported in a study of 191 patients. 21 During a 10-year follow-up, many patients reported recurrence of symptoms and 57% of the patients were incontinent. Older age has been associated with a worse functional outcome, as reported by several studies, including a large retrospective review from the Cleveland Clinic. 22 The gracilis muscle runs along the inner medial aspect of the thigh and is of minimal functional significance. Patients with severe fecal incontinence can benefit from graciloplasty, a procedure that entails disconnecting the gracilis muscle attachment at the knee and rotating the muscle toward the perineum, where it is used to wrap the anal sphincter muscle to create a neosphincter ( Figure 12 ). The neosphincter then requires the implantation of a nerve stimulator to enhance the functional tone of the muscle. Although this procedure can provide great relief to the patient, it has been associated with substantial morbidity. In a single institutional study of 38 patients, 24 patients reported pain, swelling, and paresthesia in the donor leg. Among the 22 patients who later maintained a functioning graciloplasty, 11 (50%) reported obstructive defecation. 23 Furthermore, 10 patients (27%) required conversion to colostomy during the study period for ongoing fecal incontinence or obstructed defecation. In a multicenter study including 128 patients, the success rate was 66%, with wound complications occurring in one-third of the patients. 24 The stimulator graciloplasty is no longer performed in the US because of the unavailability of the muscle stimulator.
In addition to use of the patient's own tissue (ie, gracilis flap) to create a new anal sphincter, 2 artificial bowel sphincters have been studied in patients with severe fecal incontinence. A siliconebased artificial bowel sphincter (Acticon, American Medical Systems, Minnetonka, MN) can be helpful in alleviating the patient's symptoms (Figure 13 ). This device has 3 components, including a cuff that is wrapped around the anus, a fluid reservoir that is implanted in the lower part of the abdominal wall, and a pump control mechanism that is placed inside the scrotum in men or the labia in women. At baseline, the anal cuff is closed and provides continence. When the patient is ready to defecate, the patient squeezes the pump to allow fluid passage from the cuff to the reservoir, resulting in cuff deflation. Within minutes, the cuff refills automatically to provide continence. The device can be very effective at controlling fecal incontinence. However, it has been associated with severe complications, including erosion, infection, and malfunction of the device. One study reported a 50% revision rate (26 of 52 patients), and in 14 (26.9%) of the patients the device was explanted during 
Current Management of Fecal Incontinence the study period. 25 More recently, a magnetic anal sphincter device (Fenix, Torax Medical, Shoreview, MN) was studied in 14 patients. 26 The sphincter is made of titanium beads with magnetic cores and is implanted around the sphincter complex ( Figure 14) . Two patients reported perfect continence at 1-year follow-up, but 3 patients lost the device, 2 because of infection. In 2 separate matched cohort studies, a portion of this patient cohort was matched to a cohort of women who had undergone either implantation of the silicone artificial bowel sphincter or sacral nerve stimulation (discussed later in this article). 27, 28 The magnetic anal sphincter was comparable in outcome to the other 2 modalities when assessed for improvement of fecal incontinence severity, quality of life, and resting anal pressures. At this stage, the magnetic anal sphincter is experimental and is not available on the market, and its use is restricted to the few centers involved in research trials.
Several bulking agents have been described and are directly injected into either the anal submucosa or the intersphincteric space. The mechanism of bulking agents is to provide a passive increase in resting tone to compensate for decreased internal sphincter tone. Silicone biomaterial (PTQ, Uroplasty BV, Geleen, The Netherlands) is one of the agents that has been frequently used. In a prospective study evaluating PTQ injection, 82 patients experienced symptom improvement, which continued up to 12 months after injection. 29 In that study, patients in whom the injection was performed under ultrasound guidance did better than patients whose procedure did not involve ultrasound guidance. A prospective study of carbon-coated microbeads (Durasphere, Coloplast, Minneapolis, MN) analyzed 33 patients, with median follow-up of 21 months. 30 Improvement in fecal incontinence symptoms was noted with an associated increase in resting and squeeze pressures on anal manometry, but no improvement in disease-specific quality of life was appreciated. A small randomized clinical trial compared PTQ with Durasphere in 40 patients. 31 The PTQ group had no complications, but 8 patients (20%) in the Durasphere group experienced side effects, including pain, erosion, and hypersensitivity reaction. Although both groups showed improvement during a 6-month follow-up, a greater percentage of the PTQ recipients achieved significant improvement in symptoms. 26, 31 A Cochrane review of trials of injectable bulking agents identified 4 randomized trials. 32 The interpretation of these studies was considered limited because of bias and short-term follow-up. However, the silicone bioinjectable agent appeared safer than carbon-coated beads. 32 A systematic review of injectable bulking agents analyzed 1070 patients pooled from 39 publications and concluded that PTQ silicone injection was overall more effective than other types of injectables. 33 A more recently studied injectable agent is dextranomer hyaluronic acid (Solesta, Salix Pharmaceuticals, Raleigh, NC), which is injected submucosally in 4 anal quadrants above the dentate line. A randomized sham-controlled trial in 278 patients demonstrated that 52% of patients who received the injectable product experienced 50% or greater improvement in the number of incontinence episodes compared with 32% in the sham group. 34 This agent was recently approved by the US Food and Drug Administration and is available to patients.
The Secca procedure (Mederi Therapeutics, Greenwich, CT) entails the delivery of radiofrequency energy to the internal sphincter muscle (Figure 15 ). This procedure is believed to induce scarring and collagen contraction and deposition, which lead to tightening of the internal sphincter muscle. The procedure was initially studied prospectively in 10 women. 35 At 2-year follow-up, subjects had significant improvement in incontinence severity scores. The mean CCF-FI score decreased from 13.8 to 7.3, and 9 patients experienced improvement of symptoms. Efron and colleagues 36 conducted a multicenter trial that enrolled 50 patients. Significant improvement in the CCF-FI score was noted at 6 months, decreasing from 14.5 to 11.1. A recent study by Abbas and colleagues 37 examined the outcome of the Secca procedure in 27 patients. Most patients had failed to improve after biofeedback or other types of surgical intervention. Short-term improvement was noted in 21 patients (78%) at 3 months. However, during a mean follow-up of 40 months, only 6 (22%) of the patients had a sustained effect and 14 (52%) of the patients had undergone or were awaiting additional surgical intervention.
A sacral nerve stimulator (Medtronic, Minneapolis, MN, USA) was recently approved by the Food and Drug Administration for the treatment of fecal incontinence in the US (Figure 16 ). Sacral nerve stimulation was initially used to treat patients with urinary incontinence. The treatment entails 2 procedures: an initial implantation of a percutaneous lead in the third sacral foramen with a brief trial (typically 1 to 2 weeks), followed by the implantation of the permanent device. During the test period, the patient maintains a diary recording the frequency of episodes of incontinence. An improvement of 50% or more in the patient's symptoms leads to the implantation of the device, which typically has a battery life of 3 to 5 years depending on the degree of stimulation. Randomized controlled trials have demonstrated good long-term outcome in appropriate candidates. 38, 39 Although the mechanism of action of sacral nerve stimulation is not entirely clear, patients report fewer episodes of incontinence and decreased urgency. A US-based, randomized controlled trial with a 3-year follow-up demonstrated improvement of symptoms in 86% of the 133 enrolled patients. 40 Additional research is being conducted to determine predictors of long-term success in order to improve patient selection for this therapy. Complications of sacral nerve stimulation include pain, infection, seroma formation, bleeding, and scarring.
More recently, posterior tibial nerve stimulation has been investigated. 41 Similar to sacral nerve stimulation, posterior tibial nerve stimulation has been used in patients with urinary incontinence. It involves an office-based procedure, which involves repeated electrical stimulation of the posterior tibial nerve by needle insertion. The exact mechanism of action is not clear. One prospective study of 31 patients with urge fecal incontinence reported improvement in 21 patients (68%) during a median follow-up of 9 months. 41 Patients with severe fecal incontinence in whom all conservative and surgical treatments fail can undergo fecal diversion as a last resort. A diverting colostomy is reserved for patients with poor quality of life. A laparoscopic approach is advised to minimize the risks of abdominal surgery and to provide a rapid recovery. Although many patients may be reluctant to have a permanent stoma initially, the improvement in quality of life can be substantial.
Conclusions
Fecal incontinence is a potentially debilitating condition that can lead to depression and social isolation. Initial evaluation and screening can be performed by the primary care physician, and conservative management can be instituted with good success in many patients. Dietary modifications, adjustment of medications, and a trial of biofeedback should be the first line of therapy in most patients. Patients with severe fecal incontinence and those in whom conservative management fails can be referred for further evaluation by a colorectal surgeon and/or urogynecologist. Patients with gastrointestinal disorders contributing to incontinence should be evaluated first by a gastroenterologist.
Several surgical options are currently available to treat fecal incontinence and should be individualized on the basis of degree and type of symptoms, the cause of the incontinence, and patient-related factors. These options vary from local anal sphincter repair, injectables, and radiofrequency energy treatment to implantable devices such as the sacral nerve stimulator and artificial bowel sphincter. The surgical management of fecal incontinence will undoubtedly continue to evolve as innovations bring new devices and therapies to health care. v
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